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DATA STORAGE APPARATUS AND DATA
STORAGE METHOD

TECHNICAL FIELD

The present invention relates to a techmque of recording
data transferred from a host device into a data storage appa-
ratus.

BACKGROUND ART

There are various storages, for example, a hard disk drive,
a memory card, and a USB flash drive as the data storage
apparatus that stores data used by a host device, such as a
computer. A file system called FAT 1s generally applied to
such data storage apparatuses. The FAT file system provides
a management area called a file allocation table in the data
storage apparatus to manage the location of each recorded
data. The file allocation table records management informa-
tion provided for each file as a management object. The
management information 1s generally cluster chain informa-
tion representing the structure and a storage location of each
file.

Since the information recorded 1in the file allocation table 1s
of great importance, two file allocation tables of the identical
contents are generally provided in the data storage apparatus.
Even when one of the file allocation tables 1s somehow dam-
aged, normal data reading and data writing operations are
ensured by the use of the other file allocation table (see
JP-A-H11-249968).

In the data storage apparatus adopting this file system, it 1s
required to update the contents of the file allocation table a
large number of times 1n the case of writing a large number of
small files. Such frequent update of the file allocation table
undesirably lowers the writing efficiency. In the data storage
apparatus using the multiple file allocation tables, informa-
tion of 1dentical content 1s to be written multiple times. This
turther lowers the writing efficiency. This problem 1s not
unique to the FAT file system but 1s commonly found in data
storage apparatuses adopting any {ile systems requiring two
or more records of identical management information, as well
as the data storage apparatus adopting the FAT file system.

DISCLOSURE OF THE INVENTION

By taking into account this problem of the prior art, there
would be a demand for improving the data writing eificiency
in a data storage apparatus having multiple records of 1den-
tical management information.

In order to accomplish at least part of the demand men-
tioned above and other relevant demands, one aspect of the
invention 1s directed to a data storage apparatus that stores
data transierred from a host device. The data storage appara-
tus comprises: a storage device that has a data area where the
data 1s recorded and a management area where first manage-
ment information used for management of the data and sec-
ond management information of identical content with the
first management 1information are recorded; a receiving unit
that individually receives the data, the first management
information, and the second management information trans-
terred from the host device 1n a predetermined order; a data
recording unit that records the recerved data into the data area;
and a management nformation recording unit that, 1n
response to reception ol one management information out of
the first management information and the second manage-
ment information from the host device, records the receirved
management information into the management area as the
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first management information and as the second management
information without waiting for reception of the other man-
agement mnformation.

In response to reception of one management information
out of the first management information and the second man-
agement information having the identical contents from the
host device, the data storage apparatus according to this
aspect of the invention records the recetved management
information as both the first management information and the
second management iformation into the management area
of the storage device without waiting for reception of the
other management information. This arrangement enhances
the recording efficiency of the management information used
for management of the data and thus improves the overall data
writing elliciency by the host device.

In one preferable application of the data storage apparatus
according to the above aspect of the invention, in response to
reception of the other management information, the manage-
ment information recording umt notifies the host device of
completion of recording without recording the other manage-
ment information 1nto the management area.

The data storage apparatus of this application immediately
sends back a response representing completion of writing the
second management mnformation to the host device. The host
device 1s thus promptly freed from the writing operation of
the management information and 1s allowed to start another
process (for example, data writing operation) immediately.

In another preferable application of the data storage appa-
ratus according to the above aspect of the invention, the
management information recording unit records the first
management information and the second management infor-
mation at consecutive locations in the management area.

The data storage apparatus of this application enables two
pieces ol management information having the identical con-
tents to be collectively written into the storage device by only
one writing operation. This arrangement eiffectively enhances
the writing efliciency.

In one preferable embodiment of the invention, the data
storage apparatus has multiple storage devices. The manage-
ment information recording unit records the first management
information into one of the multiple storage devices, while
recording the second management information into another
of the multiple storage devices.

The data storage apparatus of this embodiment enables the
two pieces of management mnformation having the 1dentical
contents to be written simultaneously 1nto the multiple stor-
age devices. This arrangement effectively improves the writ-
ing eificiency. The data storage apparatus equipped with only
one IC package including multiple storage devices, for
example, multiple flash memories 1s recognizable as the data
storage apparatus having multiple storage devices. The data
storage apparatus with a mode of using one storage device 1n
a divided manner as multiple storage devices 1s also recog-
nizable as the data storage apparatus having multiple storage
devices.

In one preferable application of the data storage apparatus
of the above embodiment, the data recording unit records the
data into the multiple storage devices 1n a distributive manner.

The data storage apparatus of this application enables the
data recerved from the host device to be recorded 1n a dis-
tributive manner into the multiple storage devices 1n parallel
or simultaneously. This arrangement further enhances the
writing efficiency.

In another preferable application of the data storage appa-
ratus of the above embodiment, the data recording umit
records the data mto one of the multiple storage devices,
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while recording correction data used for correction of the data
into another of the multiple storage devices.

The data storage apparatus of this application enables the
data read from one storage device to be corrected with the
correction data. This arrangement desirably improves the
data reading reliability.

In the data storage apparatus of this application, it 1s prei-
erable that the data recording unit records ECC data obtained
by hamming coding the data as the correction data.

The ECC data 1s used to check and correct an error arising,
in the data read from one storage device.

In the data storage apparatus of the above application, 1t 1s
also preferable that the data recording unit records duplicate
data of identical content with the data as the correction data.

The data storage apparatus of this arrangement readily
checks an error by simply comparing the data as a reading
object with the correction data. Even 1n the occurrence of an
error 1n one data, the other error-free data i1s used to ensure
successiul and normal data reading.

In one preferable embodiment of the data storage apparatus
having any of the above arrangements, the management infor-
mation represents data to be recorded 1n a file allocation table
in an FAT file system.

This arrangement desirably enhances the file writing etfi-
ciency 1n the FAT file system generally using two file alloca-
tion tables.

In the data storage apparatus having any of the above
arrangements, the storage device may be a non-volatile semi-
conductor memory.

The use of the non-volatile semiconductor memory actu-
alizes a highly portable small-sized data storage apparatus.
Typical examples of the non-volatile semiconductor memory
include a NAND flash memory, a NOR flash memory, an
EEPROM, and a battery backed-up DRAM. The storage
device 1s not restricted to the semiconductor memory but may
be, for example, a hard disk drive.

The data storage apparatus of the above application may be
connected with the host device via a USB interface.

The data storage apparatus of the present invention 1s
readily usable by simply connecting the data storage appara-
tus to a USB port provided in the host device, such as a
computer. This arrangement desirably improves the user’s

convenience. The USB interface used for the connection of

the data storage apparatus with the host device 1s not restric-
tive but may be replaced by a PCMCIA interface, a serial ATA
interface, an IEEE1394 interface, or any of various memory
interfaces used for SD memory cards and CompactFlash (reg-
istered trademark).

The technique of the mvention 1s not restricted to the data
storage apparatus having any of the above arrangements but s
also actualized by a data storage method of storing data trans-
ferred from a host device mto such a data storage apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an explanatory view showing the schematic con-
figuration of a data storage apparatus 1n a first embodiment;

FIG. 2 1s an explanatory view showing the data structure in
the data storage apparatus;
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FIG. 3 1s an explanatory view showing a correlation of 60

FAT1 and FAT2 areas to an FAT3 area and the outline of

reading and writing operations from and into the FAT3 area;
FI1G. 4 1s an explanatory view showing the outline of opera-
tions of the data storage apparatus accompanied with opera-
tions of a host device;
FIG. 5 1s a flowchart showing a main process routine;
FI1G. 6 1s a flowchart showing a pointer setting process;
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FIG. 7 1s a flowchart showing a write process;

FIG. 8 1s a flowchart showing a read process;

FIG. 9 15 an explanatory view showing the schematic con-
figuration of a data storage apparatus 1n a second embodi-
ment,

FIG. 10 1s an explanatory view showing the data structure
in the second embodiment; and

FIG. 11 1s an explanatory view showing the data structure
in a third embodiment.

BEST MODES OF CARRYING OUT THE
INVENTION

In order to elucidate the functions, the advantages, and the
cifects of the invention, some modes of carrying out the
invention are described below in the following sequence as
preferred embodiments:

A. First Embodiment

(A1) General Configuration of Data Storage Apparatus

(A2) Outline of Operations of Data Storage Apparatus

(A3) Processing Details (Main Process, Pointer Setting,
Process, Write/Read Processes)

(A4) Effects

B. Second Embodiment

C. Third Embodiment

D. Modifications

A. First Embodiment

(A1) General Configuration of Data Storage
Apparatus

FIG. 1 1s an explanatory view showing the schematic con-
figuration of a data storage apparatus 10 1n a first embodi-
ment. As illustrated, the data storage apparatus 10 of the
embodiment includes a USB connector 110, a USB control
circuit 120, a flash controller 130, and a flash memory FL.

The USB connector 110 1s exposed on a casing of the data
storage apparatus 10 (expressed by a broken line rectangle 1n
the drawing) and 1s connected to a USB interface provided in
a host device, such as a personal computer or a printer.

The USB control circuit 120 1s connected with the USB
connector 110 and with the flash controller 130. The USB
control circuit 120 causes the data storage apparatus 10 to
work as a USB mass storage class device and controls com-
munication of the data storage apparatus 10 with the host
device according to a USB protocol. The USB control circuit
120 also has the functions of converting a USB command
received from the host device mto an ATA command and
converting data or a status recerved from the flash controller
130 into USB data. The ATA command 1s a standardized
command by ANSI (American National Standard Institute)
and has the general versatility to control data reading and data
writing from and to not only the data storage apparatus 10 of
the embodiment but diversity of other data storage appara-
tuses 1including a hard disk and a PC card memory.

The flash controller 130 1s an 1integrated circuit constructed
to interpret the ATA command transferred from the USB
control circuit 120 and to control data reading and data writ-
ing from and to the flash memory FL. The flash controller 130
internally has a CPU, a ROM, and a RAM {for such control. A
program for controlling the operations of the data storage
apparatus 10 1srecorded in the ROM. The CPU uses the RAM
as a work area and executes the recorded program to control
the general operations of the data storage apparatus 10.

The flash controller 130 has a register 135 arranged to store
various address pointers. The flash controller 130 has the
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function of converting addresses 1n FAT areas (described
later) by referring to these address pointers and thereby
enabling efficient reading and writing operations from and
into the FAT areas. The details of this function will be
explained later.

FI1G. 2 1s an explanatory view showing the data structure in
the data storage apparatus 10. A formatting process per-
formed by the host device according to an FAT file system
generates various areas 1n the data storage apparatus 10 as
shown by the left drawing. In a sequence from a head address
of the flash memory FL, the generated areas include a master
boot record area (hereafter referred to as “‘MBR area’), a bios
parameter block area (hereafter referred to as ‘BPB area’), an
FATE area, an FAT2 area, aroot directory area, and a user data
area.

The MBR area 1s read first on connection of the data stor-
age apparatus 10 with the host device. Pieces of information
including a bootstrap code and a partition table (hereafter
these pieces of information are referred to as ‘MBR 1nforma-
tion’) are recorded 1n the MBR area. The partition table stores
relevant pieces ol information, for example, the number of
generated partitions, a starting sector and an end sector of
cach partition, ofisets, and the total number of sectors. The
description of this embodiment i1s on the assumption that only
one partition 1s generated.

The BPB area 1s provided 1n a head sector of each partition
and stores various pieces of information including a format
type of the partition, the number of sectors in the partition,
and the number of file allocation tables or FAT (hereafter
these pieces of information are referred to as ‘BPB informa-
tion’).

Each of the FATE area and the FAT2 area stores manage-
ment imformation representing the location of each file
recorded 1n the user data area and a cluster linkage status of
the file. Such pieces of the management information are gen-

erally referred to as cluster chain information. Management
information of identical content 1s recorded 1n the FAT1 area
and 1n the FAT2 area for the improved data reliability.

The root directory area stores the file name, the extension,
and the attribute of each file recorded 1n the user data area, as
well as a cluster number of a first cluster as a constituent of the
file.

In the data storage apparatus 10, the flash controller 130
works to perform address conversion with regard to the FATE
area and the FAT2 areca among the respective areas explained
above and manage the FATE area and the FAT?2 area collec-
tively as an FAT3 area as shown in the right drawing of FIG.
2. Namely the host device recognizes the recorded areas
according to an address map shown 1n the left drawing of FIG.
2, while the areas are actually provided in the flash memory
FL according to an address map shown in the right drawing of
FIG. 2. In the description hereatter, the FATE area, the FAT2
area, and the FAT3 area may collectively be referred to as
"FAI area’.

The flash controller 130 uses address pointers AP1 to AP3
shown 1in FI1G. 2 for address conversion in the FAT area. These
address pointers are recorded 1n the register 135 of the flash
controller 130. As 1llustrated, the address pointer AP1 indi-
cates a head address Ac of the FATE area, and the address
pointer AP2 indicates ahead address Ad of the FAT2 area. The
address pointer AP3 indicates a head address Ae of the root
directory area. The flash controller 130 refers to these address
pointers, performs address conversion when an access desti-
nation of the host device 1s either the FATE area or the FAT2
area, and reads and writes data from and into the FAT3 area in
the flash memory FL.
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FIG. 3 1s an explanatory view showing a correlation of the
FATE and FAT2 areas to the FAT3 area and the outline of
reading and writing operations from and into the FAT3 area.
Theleft drawing shows the FAT1 area and the FAT?2 area from
the viewpoint of the host device, while the right drawing
shows the FAT3 area from the viewpoint of the flash control-
ler 130. Each piece of management information as a record
unmt of the FAT area 1s expressed as ‘#1°, ‘#2°. Each piece of
management information written 1to the FAT1 area 1s
expressed as ‘FAT1#1°.

As shown in the left drawing of FIG. 3, the host device
makes access on the assumption that the pieces of manage-
ment information with regard to the FAT1 area are sequen-
tially recorded 1n an address range from the address Ac to the
address Ad and that the pieces of management imnformation
with regard to the FAT?2 area are sequentially recorded in an
address range from the address Ad to an address Ae-1.

The flash controller 130, on the other hand, alternately
arranges the pieces of management information with regard
to the FAT1 area and the pieces of management information
with regard to the FAT?2 area 1in the FAT 3 area as shown by the
right drawing of FIG. 3. Namely the flash controller 130
performs address conversion according to Equation (1) given
below 1n response to an access to the FAT1 area, while per-
forming address conversion according to Equation (2) given

below 1n response to an access to the FAT?2 area:
AD2=AP1+2*(AD1-4P1)

(1)
(2)

In these equations, AD1 and AD2 respectively represent an
address accessed by the host device and a converted address
alter the address conversion.

In response to reception of a write command from the host
device to write management information ‘FAT1#1’ into the
FAT1 area shown 1n the left drawing of FIG. 3, the flash
controller 130 writes the management information ‘FAT1#1°
at an address converted according to Equation (1) given above
in the FAT3 area shown in the right drawing of FIG. 3. The
flash controller 130 also writes duplicate management infor-
mation of identical content with the management information
‘FAT1#1” at a consecutive address adjacent to the converted
address as management information FAT2#1 with regard to
the FAT2 area. As mentioned previously, the FAT file system
generally writes 1dentical management information into the
FAT1 area and the FAT?2 area. In response to a write command
to write the management information into the FAT1 area, the
procedure of the embodiment writes duplicate management
information of the 1dentical content into the FAT2 area, prior
to reception of a write command with regard to the FAT2 area
from the host device. This arrangement completes the writing
operations into the FAT1 area and the FAT2 area without
receiving a write command with regard to the FAT?2 area, thus
cnabling efficient writing of management information. As
explained above, the procedure of the embodiment writes the
management information with regard to the FAT1 area and
the management information with regard to the FAT?2 area at
consecutive addresses, thus allowing high-speed writing of
management information. In a reading operation of reading
management information recorded 1n the FAT3 area, manage-
ment mnformation with regard to the FAT1 area or manage-
ment information with regard to the FAT?2 area 1s read accord-
ing to Equation (1) or according to Equation (2) given above.

AD2=AP1+2*(4AD1-4P2)+1

(A2) Outline of Operations of Data Storage
Apparatus

FIG. 4 1s an explanatory view showing the outline of opera-
tions of the data storage apparatus 10 accompamed with
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operations of the host device. The host device writes a file into
the data storage apparatus 10 1n the sequence of step (a) of
writing management information into the FAT1 area, step (b)
ol writing management information into the FAT2 area, and
step (¢) of writing the substance of a file into the user data
area. FIG. 4 shows this sequence of operations.

In the file writing procedure, the host device first gives a
write command to the data storage apparatus 10 to write
management information of a file as a writing object into the
FAT1 area (step S100). The host device sends the manage-
ment information simultaneously with the write command to
the data storage apparatus 10.

In response to reception of the write command and the
management information, the tlash controller 130 of the data
storage apparatus 10 writes the received management infor-
mation at a corresponding address 1n the FAT3 area corre-
sponding to a specified address 1n the FAT1 area, and sequen-
tially writes a copy of the recerved management information
at a consecutive address adjacent to the corresponding
address (step S110).

A concrete example of the processing at step S110 1s
explained with reterence to F1G. 3. In response to reception of
a write command with regard to the FAT1 area from the host
device to write management information ‘FAT1#1° at the
address Ac 1n the FAT1 area, the data storage apparatus 10
writes the recetved management information ‘FAT1#1” at the
address Ac 1n the FAT3 area corresponding to the address Ac
in the FAT1 area. The data storage apparatus 10 also writes
duplicate information of 1dentical content with the manage-
ment information ‘FAT1#1” at a consecutive address Ac+1 as
information ‘FA2#1°. The information ‘FAT2#1° 1s originally
to be written at the head address Ad in the FAT2 area. Namely
the management information to be written in the FAT1 area
and the management information to be written 1n the FAT?2
area are simultanecously and collectively written into the
FAT3 area. The data storage apparatus 10 of the embodiment
adopts the FAT file system, which records data of 1dentical
content 1into the FAT1 area and the FAT2 area, to write the
management mnformation with regard to the FAT2 area simul-
taneously with the management information with regard to
the FAT1 area into the FAT3 area without waiting for recep-
tion of a write command with regard to the FAT2 area from the
host device.

On completion of writing the management information
into the FAT3 area (step S1135), the flash controller 130 sends
back a writing complete notification representing completion
of writing the information into the FAT1 area to the host
device (step S120).

In response to reception of the writing complete notifica-
tion with regard to the FAT1 area from the flash controller
130, the host device subsequently sends a write command
with regard to the FAT2 area to the flash controller 130 to
write management information into the FAT2 area (step
S130). At this moment, however, writing of the management
information into the FAT?2 area has already been completed at
step S110 as explained above. The tlash controller 130 thus
immediately sends back a writing complete notification with
regard to the FAT2 area to the host device, 1 response to
reception of the write command (step S140).

In response to reception of the writing complete notifica-
tion with regard to the FAT2 area from the flash controller
130, the host device gives a file write command to the flash
controller 130 to write the substance of the file as the writing
object (step S150). The tlash controller 130 then writes the
substance of the file into the user data area in the flash
memory FL (step S160). On completion of writing the file
into the flash memory FL (step S165), the tlash controller 130
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sends back a writing complete notification representing
completion of writing the file to the host device (step S170).

As explained above, the data storage apparatus 10 of the
embodiment writes information mto the FAT2 area simulta-
neously with writing information into the FAT1 area. A writ-
ing complete notification 1s thus sent back immediately, 1n
response to reception of a write command with regard to the
FAT2 area from the host device. The host device 1s thus
promptly freed from the writing operation into the FAT2 area
and immediately starts writing the substantial data.

The procedure of the embodiment writes the substance of a
file 1nto the user data area after writing the management
information into the FAT1 area and the FAT2 area. This
sequence of writing 1s not essential but may be inverted
according to the requirements.

(A3) Processing Details

The series of processing executed by the data storage appa-

ratus 10 to implement the operations shown i1n FIG. 4 1s
described below 1n detail.
(A3-1) Main Process

FIG. 5 1s a flowchart showing a main process routine
executed by the data storage apparatus 10. The flash control-
ler 130 starts this main process tlow simultaneously with
connection of the data storage apparatus 10 to the host device
and start of power supply to the data storage apparatus 10.

On the start of the main process, the flash controller 130
first performs a pointer setting process to set the values of the
address pointers AP1 to AP3 (step S200). The details of the
pointer setting process will be explained later.

The flash controller 130 subsequently determines whether
any command 1s recerved from the host device via the USB
control circuit 120 (step S210). When no command 1is
received (step S210: no), the tlash controller 130 repeats this
decision step to wait for reception of any command. When
any command 1s recerved (step S210: yes), on the other hand,
the flash controller 130 identifies the received command (step
S220).

When the recerved command 1s identified as a write com-
mand for writing data (step S220: ‘write’), the tlash controller
130 performs a write process described later (step S230).
When the recerved command 1s 1dentified as a read command
for reading data (step S220: ‘read’), on the other hand, the
flash controller 230 performs a read process described later
(step S240). On completion of either the write process or the
read process, the main process tlow goes back to step S210.
The main process repeats the series of processing in response
to a command received from the host device until cutoil of the
power supply.

(A3-2) Pointer Setting Process

FIG. 6 1s a tlowchart showing the pointer setting process
executed at step S200 1n the main process routine. This pro-
cess 1s performed at the time of power supply to the data
storage apparatus 10 or on completion of formatting the data
storage apparatus 10 to set the values of the address pointers
AP1 to AP3 shown 1n FIGS. 2 and 3.

In the pointer setting process, the tlash controller 130 first
reads the MBR area and the BPB area generated in the flash
memory FL (step S300) and determines whether the MBR
information and the BPB information have already been writ-
ten 1n the MBR area and the BPB area (step S310).

Upon determination that the MBR information and the
BPB information have not yet been written (step S310: no), 1t
means that the data storage apparatus 10 has not yet been
tormatted. The tlash controller 130 then sets a last address Az
in the flash memory FL to the value of the address pointer
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APE, while not setting the values of the address pointers AP2
and AP3 (step S320). Such setting of the address pointers AP1
to AP3 leads to no conversion of FAT areas 1n the subsequent
write process or read process. The host device 1s thus able to
normally utilize the data storage apparatus 10 according to
another file system, as well as the FAT f{ile system.

After setting the value of the address pointer AP1 at step
5320, the flash controller 130 records the setting of the
address poimnter AP1 into the register 135 (step S330) and
terminates the pointer setting process.

Upon determination that the MBR information and the
BPB mformation have already been written (step S310: yes),
on the other hand, it means that the data storage apparatus 10
has already been formatted according to the FAT file system.
The flash controller 130 then specifies the head address Ac of
the FAT1 area according to the information recorded in the
MBR area and the BPB area including the partition tables and
the number of sectors and sets the specified head address Ac
of the FAT1 area to the value of the address pointer AP1 (step
S340). The flash controller 130 also specifies the head address
Ad of the FAT?2 area and sets the specified head address Ad of
the FAT2 area to the value of the address pointer AP2 (step
S5350). The flash controller 130 further specifies the head
address Ae of the root director area and sets the specified head
address Ae of the root directory area to the value of the
address pointer AP3 (step S360). The flash controller 130
records the settings of the address pointers AP1 to AP3 into
the register 133 (step S330) and terminates the pointer setting
process.

(A3-3) Write Process

FIG. 7 1s a flowchart showing the details of the write
process executed at step S230 1n the main process routine.
The write process 1s performed to write data received from the
host device (hereafter referred to as ‘writing data’) into the
flash memory FL.

In the write process, the flash controller 130 first analyzes
a write command received from the host device via the USB
control circuit 120 and specifies an address of a writing des-
tination (hereafter referred to as ‘write address WA’) (step
S400).

The flash controller 130 subsequently refers to the storage
in the register 135 and determines whether the specified write
address WA 1s lower than the address indicated by the address
pointer AP1 (step S410). Upon determination that the write
address WA 1s lower than the address indicated by the address
pointer AP1 (step S410: yes), 1t 1s determinable that the com-
mand recerved from the host device 1s either a write command
of writing the MBR information and the BPB information 1n
the formatting process or a write command according to a file
system other than the FAT file system (see FIG. 2). The flash
controller 130 accordingly writes the writing data at the write
address WA 1n the flash memory FL without address conver-
s1on (step S420).

The MBR information and the BPB information are gen-
crally written only once in the formatting process. In the case
of writing data at the address lower than the address indicated
by the address pointer AP1, the flash controller 130 1dentifies
the potential for the formatting process by the host device and
executes the pointer setting process shown 1 FIG. 6 (step
S430). Execution of the pointer setting process enables the
address pointers AP1 to AP3 to be set adequately after
completion of the formatting process. On completion of the
pointer setting process, the flash controller 130 sends back a
writing complete notification to the host device (step S440).

Upon determination that the write address WA 1s not lower
than the address indicated by the address pointer AP1 (step
S5410: no), on the other hand, the flash controller 130 refers to
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the storage 1n the register 135 and determines whether the
write address WA 1s higher than the address indicated by the
address pointer AP3 (step S450). Upon determination that the
write address WA 1s higher than the address indicated by the
address pointer AP3 (step S450: yes), it 1s determinable that
the command received from the host device 1s a write com-
mand of writing data into the root directory area or the user
data area (see FIG. 2). The flash controller 130 accordingly
writes the writing data at the write address WA 1n the flash
memory FL without address conversion (step S460). On
completion of data writing, the flash controller 130 sends

back a writing complete notification to the host device (step
S440).
Upon determination that the write address WA 1s lower

than the address indicated by the address pointer AP3 (step

S450: no), 1t means that the write address WA indicates an
address 1n either the FATE area or the FAT2 area. The flash

controller 130 then refers to the storage 1n the register 135 and

determines whether the write address WA 1s lower than the
address indicated by the address pointer AP2 (step S470).

Upon determination that the write address WA 1s lower than
the address indicated by the address pointer AP2 (step S470:
yes), it means that the write address WA 1ndicates an address
in the FAT1 area. The tlash controller 130 then performs the
address conversion according to Equation (1) given above as
explained previously with reference to FIG. 3 (step S480).

After the address conversion, the flash controller 130
writes the received writing data as management information
at the converted address, and sequentially writes data of the
identical content as management information at a consecutive
address adjacent to the converted address (step S490). The
management information to be written in the FAT1 area and in
the FAT2 area 1s thus collectively written into the FAT3 area.
On completion of writing the management information into
the FAT3 area, the flash controller 130 sends back a writing
complete notification to the host device (step S440).

Upon determination that the write address WA 1s higher
than the address indicated by the address pointer AP2 (step
S470: no), 1t means that the write address WA 1ndicates an
address 1n the FAT2 area. The information to be written in the
FAT?2 area has already been written 1n the FAT3 area at step
S490. The flash controller 130 accordingly does not write
data into the flash memory FL at this moment but immedi-
ately sends back a writing complete notification to the host
device (step S440).

As described above, the write process directly writes the
data received from the host device into an area other than the
FAT area without address conversion. In response to a write
command to write data in the FAT1 area, the write process
performs the predetermined address conversion and writes
the received data into the FAT3 area. The flash controller 130
writes the information to be written in the FAT2 area, simul-
taneously with the information to be written 1n the FAT1 area,
into the FAT3 area. This arrangement enhances the writing
eificiency of the management information into the flash
memory FL.

(A3-4) Read Process

FIG. 8 1s a flowchart showing the details of the read process
executed at step S240 1n the main process routine. The read
process 1s performed to read data from the flash memory FL
in response to a read command from the host device.

In the read process, the flash controller 130 first analyzes a
read command recerved from the host device via the USB
control circuit 120 and specifies an address of a reading
source (hereafter referred to as ‘read address RA’) (step

3500).
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The flash controller 130 subsequently refers to the storage
in the register 1335 and determines whether the read address

R A 1s higher than the address indicated by the address pointer
AP1 but 1s lower than the address indicated by the address
pointer AP3 (step S510). Upon determination that the read
address RA 1s etther lower than the address indicated by the
address pointer AP1 or higher than the address indicated by
the address pointer AP3 (step S3510: no), 1t means that the read
address RA indicates an address 1n an area other than the FAT
area. The tlash controller 130 thus directly reads data from the
specified read address RA (step S520) and transfers the read
data to the host device (step S530).

Upon determination that the read address RA 1s higher than
the address indicated by the address pointer AP1 but 1s lower
than the address indicated by the address pointer AP3 (step
S510: yes), on the other hand, it means that the read address
R A 1ndicates an address in either the FAT1 area or the FAT2
area (see FI1G. 2). The flash controller 130 additionally deter-
mines whether the read address RA 1s higher than the address
indicated by the address pointer AP2 (step S540). Upon deter-
mination that the read address RA 1s lower than the address
indicated by the address pointer AP2 (step S540: no), 1t means
that the read address RA indicates an address 1n the FAT1
area. The flash controller 130 then performs the address con-
version according to Equation (1) given above (step S550)
and reads data from the converted address (step S520). This
cnables the flash controller 130 to adequately read manage-
ment information with regard to the FAT1 area from the FAT3
area. The flash controller 130 transfers the data read from the
FAT3 area to the host device (step S530).

Upon determination that the read address R A 1s higher than
the address 1indicated by the address pointer AP2 (step S540:
yes ), it means that the read address RA indicates an address in
the FAT2 area. The flash controller 130 then performs the
address conversion according to Equation (2) given above
(step S560) and reads data from the converted address (step
S5520). This enables the flash controller 130 to adequately
read management mnformation with regard to the FAT2 area
from the FAT3 area. The flash controller 130 transiers the data
read from the FAT3 area to the host device (step S530).

In the read process explained above, the flash controller
130 directly reads data from an area other than the FAT area
and transiers the read data to the host device. In response to a
read command to read data from either the FAT1 area or the
FAT2 area, the tlash controller 130 performs the address
conversion, adequately reads management information with
regard to the FAT1 area or the FAT?2 area from the converted
address in the FAT3 area, and transfers the read management
information to the host device.

(A4) Effects

As described above, in response to a write command
recetved from the host device to write data 1n the FAT1 area,
the data storage apparatus 10 of the first embodiment writes
data with regard to the FAT2 area simultaneously with data
with regard to the FAT1 area. In response to a subsequent
write command received from the host device to write data in
the FAT?2 area, the data storage apparatus 10 can thus 1imme-
diately send back a writing complete notification to the host
device. The data storage apparatus 10 of the embodiment
collectively writes the management information with regard
to the FAT1 area and the management information with
regard to the FAT?2 area at consecutive addresses in the FAT3
area provided in the flash memory FL. This enables efficient
data writing and desirably increases the processing speed.
The data storage apparatus 10 of the embodiment adopts the
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flash memory having a relatively large data writing unit for
the storage device. The large data writing unit facilitates the
collective writing of two data at consecutive addresses by

only one writing operation. Such collective writing signifi-
cantly enhances the overall processing speed.

B. Second Embodiment

The data storage apparatus 10 of the first embodiment has
only one flash memory FLL as shown in FIG. 1. A modified
structure including two tlash memories FL 1s described below
as a second embodiment.

FIG. 9 1s an explanatory view showing the schematic con-
figuration of a data storage apparatus 106 in the second
embodiment. As 1llustrated, the data storage apparatus 106 of
the second embodiment has two flash memories Fl.a and FLb,
in addition to the same components as those of the first
embodiment, the USB connector 110, the USB control circuit
120, and the flash controller 130.

FIG. 10 1s an explanatory view showing the data structure
in the data storage apparatus 105. The left drawing of FIG. 10
shows an address map of the data storage apparatus 105 from
the viewpoint ol the host device. This address map 1s 1dentical
with the address map explained 1n the first embodiment and 1s
thus not specifically described here.

The right drawing of FIG. 10 shows an address map of the
two tlash memories FLa and FLb. In the data structure of this
embodiment, addresses forming address spaces of the respec-
tive areas other than the FAT areas, that 1s, the MBR area, the
BPB area, the root directory area, and the user data area are
alternately allocated 1n the sequence 0'?(1) flash memory FLa
and (2) flash memory FLb. For example, a first address of the
MBR area 1s allocated to the flash memory FLa, while a
second address of the MBR area 1s allocated to the flash
memory FLb. Similarly a third address of the MBR area 1s
allocated to the flash memory FLa, while a fourth address of
the MBR area 1s allocated to the flash memory FLb. Such
formation of the address space enables the data storage appa-
ratus 1056 to write data into the two tlash memories FLa and
FLb 1n parallel (simultaneously). The data storage apparatus
105 of this embodiment has the two flash memories FLa and
FLb to substantially double the width of the bus. Parallel
(stmultaneous) data writing ensures high-speed data reading
and data writing.

In the data structure of this embodiment, an FAT1 area 1s
provided in the flash memory FLa, while an FAT2 area 1s
provided in the flash memory FLb. In response to a write
command received from the host device to write data into the
FAT1 area, the flash controller 130 writes receirved data into
the FAT1 area of the flash memory FLa and simultaneously
writes duplicate data of the identical content 1nto the FAT2
area of the flash memory FLb. The data structure of the second
embodiment enables the management information to be writ-
ten 1nto the two flash memories simultaneously or 1n parallel
without waiting for completion of data writing into one of the
two flash memories, thus enhancing the writing efficiency
into the FAT area as 1n the first embodiment.

The main process, the pointer setting process, the write
process, and the read process executed 1n the second embodi-
ment are substantially equivalent to those executed in the first
embodiment and are not specifically explained here. In the
write process of FIG. 7 and the read process of FIG. 8, the
procedure of the second embodiment performs preset address
conversion according to the address map shown in FIG. 10
and adequately writes and reads data into and from an area
other than the FAT area 1n the flash memory FLa or the flash
memory FLb. The procedure of the first embodiment writes
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management information of identical content at consecutive
addresses 1n the FAT3 area at step S490 1n the write process of
FIG. 7. The procedure of the second embodiment, on the other
hand, writes management information of identical content in
parallel or sitmultaneously into the FATE area provided in the
flash memory FLa and 1into the FAT2 area provided in the flash

memory FLb. The procedure of the second embodiment per-
forms address conversion to an address in the FATE area of

the tlash memory FLa at step S550 and performs address

conversionto an address in the FAT2 area of the tlash memory
FLb at step S560 in the read process of FIG. 8.

C. Third Embodiment

The data structure of the second embodiment causes the
data with regard to the area other than the FAT area to be
written 1n a distributive manner in the two flash memories. A

data structure of a third embodiment, on the other hand,
causes data of 1dentical content with regard to the area other
than the FAT area to be written 1n two flash memories. A data
storage apparatus 105 of the third embodiment has the same
configuration as that of the data storage apparatus 105 of the
second embodiment shown 1n FIG. 9.

FIG. 11 1s an explanatory view showing the data structure
in the data storage apparatus 106 of the third embodiment.
The left drawing of FIG. 11 shows an address map of the data
storage apparatus 106 from the viewpoint of the host device.
Theright drawing of FIG. 11 shows an address map of the two
flash memories FLa and FLb. In the data structure of the third
embodiment, with regard to the areas other than the FAT
areas, that 1s, the MBR area, the BPB area, the root directory
area, and the user data area, data of the identical content 1s
written mto the flash memory FLa and into the flash memory
FLb. This arrangement desirably increases the redundancy of
data stored 1n the flash memory. Even in the event of damage
of data stored in one of the flash memories, this arrangement
enables data to be read adequately from the other flash
memory.

In the data structure of the third embodiment, an FAT1 area
1s provided 1n the flash memory FLa, while an FAT?2 area 1s
provided 1n the flash memory FLb as 1n the data structure of
the second embodiment. The data structure of the third
embodiment enables the management information to be writ-
ten 1nto the two flash memories simultaneously or in parallel
without waiting for completion of data writing 1nto one of the
two flash memories, thus enhancing the writing eificiency
into the FAT area as in the first and the second embodiments.

In the data structure of the third embodiment, as shown 1n
FIG. 11, the address map from the viewpoint of the flash
controller 130 1s equivalent to the address map from the
viewpoint of the host device, with regard to the respective
areas other than the FAT?2 area. This arrangement enables data
to be written 1into and read from the area other than the FAT2
arca without address conversion, thus enhancing the process-
ing efficiency. In the right address map of FIG. 11, a *“Null’
area 1s originally a space for the FAT2 area and 1s thus not
directly recognizable from the host device. A preset address
conversion for linking the Null area with the user data area
cnables the Null area to be utilized as part of the user data
area.

In the data structure of the third embodiment, data of the
identical content 1s written into the flash memory FLa and into
the flash memory FLb. In one modified data structure, ECC
data generated from the data written 1n the flash memory FLa
may be written 1nto the flash memory FLb. This arrangement
enables an error of the data written in the flash memory FLa
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to be easily checked and corrected based on the ECC data
written 1n the flash memory FLb, thus enhancing the reliabil-
ity of the stored data.

D. Modifications

The embodiments discussed above are to be considered 1n
all aspects as illustrative and not restrictive. There may be
many modifications, changes, and alterations without depart-
ing from the scope or spirit of the main characteristics of the
present mvention. Some examples of possible modification
are given below.

(D1) Modification 1

The data storage apparatus 10 of the embodiment has a
flash memory as the storage device. The flash memory is,
however, neither essential nor restrictive but may be replaced
by any other suitable storage device, for example, a hard disk
drive.

(D2) Modification 2

The data storage apparatus 10 of the embodiment 1s for-
matted according to the FAT file system. The FAT file system
1s, however, neither essential nor restrictive, but any other file
system having multiple records of i1dentical management
information may be adopted for formatting the data storage
apparatus 10.

(D3) Modification 3

In the configuration of the embodiment, the host device and
the data storage apparatus 10 are interconnected by the USB
interface. The USB interface 1s, however, neither essential nor
restrictive but may be replaced by any other suitable interface
adopted for connection, for example, a PCMCIA 1nterface, a
serial ATA interface, or an IEEE 1394 interface.

In the description of the embodiments, the data storage
location 1n the flash memory 1s expressed by the terminology
‘address’. This term ‘address’ 1s, however, not restrictive but
1s replaceable with any of equivalent terms, for example,
‘sector’, ‘cluster’, or ‘block’ according to the file system, the
operating system, or the storage device adopted.

None of the embodiments, their modifications, and their
applications described above 1s to be mterpreted 1n a restric-
tive manner. The scope and spirit of the present invention are
indicated by the appended claims, rather than by the forego-
ing description.

The invention claimed 1s:
1. A data storage apparatus that stores data transferred from
a host device, the data storage apparatus comprising:

a storage device that has a data area where the data 1s
recorded and a management areca where first manage-
ment information used for management of the data and
second management information of identical content
with the first management information are recorded;

a recerving unit that individually receives the data, the first
management information, and the second management
information transierred from the host device 1n a prede-
termined order;

a data recording unit that records the received data into the
data area; and

a management information recording unit that, 1n response
to reception of one management information out of the
first management information and the second manage-
ment information from the host device, records the
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received management information into the management
arca as the first management information and as the
second management information without waiting for
reception of the other management information;

wherein 1n response to reception of the other management
information, the management information recording
unmit sends back a response representing completion of
recording to the host device without recording the other
management information mto the management area;

wherein the first management information comprises a first
file allocation table; and

wherein the second management information comprises a

second {ile allocation table.

2. The data storage apparatus in accordance with claim 1,
wherein the management information recording unit records
the first management information and the second manage-
ment information at consecutive locations in the management
area.

3. The data storage apparatus in accordance with claim 1,
the data storage apparatus having multiple storage devices,

wherein the management information recording unit

records the first management information into one of the
multiple storage devices, while recording the second
management information mto another of the multiple
storage devices.

4. The data storage apparatus in accordance with claim 3,
wherein the data recording unit records the data into the
multiple storage devices 1n a distributive manner.

5. The data storage apparatus in accordance with claim 3,
wherein the data recording unit records the data into one of
the multiple storage devices, while recording correction data
used for correction of the data into another of the multiple
storage devices.

6. The data storage apparatus 1n accordance with claim 5,
wherein the data recording unit records ECC data obtained by
hamming coding the data as the correction data.

7. The data storage apparatus in accordance with claim 5,
wherein the data recording unit records duplicate data of
identical content with the data as the correction data.

8. The data storage apparatus in accordance with claim 1,
wherein the management information represents data to be
recorded 1n a file allocation table 1n an FAT file system.

9. The data storage apparatus in accordance with claim 1,
wherein the storage device 1s a non-volatile semiconductor
memory.

10. The data storage apparatus 1n accordance with claim 9,
wherein the non-volatile semiconductor memory is a tlash
memory.

11. The data storage apparatus 1n accordance with claim
10, the data storage apparatus being connected with the host
device via a USB 1nterface.
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12. The data storage apparatus 1n accordance with claim 1
wherein 1n said response to reception of the other manage-
ment information, the management information recording
umt sends back the response representing completion of
recording to the host device without recording the other man-
agement information into the management area, 1rrespective
of whether or not said received of the other management
information is empty mformation.

13. A data storage method of storing data transierred from
a host device into a data storage apparatus,

the data storage apparatus having a storage device that a

data area where the data 1s recorded and a management
area where first management information used for man-
agement of the data and second management informa-
tion of 1dentical content with the first management infor-
mation are recorded wherein the first management
information comprises a first file allocation table and the
second management information comprises a second
file allocation table,

the data storage method comprising:

individually receiving the data, the first management infor-

mation, and the second management information trans-
terred from the host device 1n a specific order;

in response to reception of one management mnformation

out of the first management information and the second
management information from the host device, record-
ing the recerved management information into the man-
agement area as the first management information and as
the second management information without waiting for
reception of the other management information;
recording the recerved data into the data area; and
sending a response back to the host device representing
completion of the recording of the received data without
recording the other management information.

14. The data storage method recited 1n claim 13 wherein in
said response to said reception of said one management infor-
mation out of the first management information and the sec-
ond management nformation from the host device, said
recording of the received management information into the
management area as the first management information and as
the second management information without waiting for
reception of the other management information and wherein
the management information recording unit sends back a
response representing completion of recording to the host
device without recording the other management information
into the management area, irrespective of whether or not the
received other management information 1s empty informa-
tion.
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